Background. Intravenous thrombolysis has been shown as an appropriate treatment for stroke patients within 3-4.5 hours from the onset of stroke in randomized and observational studies, yet extended therapeutic window remains off-label in routine clinical setting. The aim of our study was to evaluate the efficacy and safety of intravenous thrombolysis within 3-4.5 hours for acute stroke patients in Lithuania.
INTRODUCTION
The efficacy and safety of intravenous thrombolysis (IVT) for acute stroke patients up to 3 hours from the onset of symptoms were established in the NINDS study in 1995 (1) . Since this time, IVT is recommended as the first choice treatment for acute stroke patients in the USA in daily medical practice. In European countries, IVT is recommended for acute stroke patients since 2002. Other studies (ECASS II, ATLANTIS), in which the treatment window was prolonged up to 6 hours after the onset of symptoms, have not demonstrated the benefit of IVT due to increased rate of symptomatic intracranial hemorrhage (2, 3) . On the other hand, meta-analysis of IVT studies showed a significantly higher efficacy of IVT compared with placebo up to 4.5 hours from the onset of stroke (4) . The results of the ECASS3 study confirmed the suggestion that IVT is still an effective and safe treatment for patients with acute stroke within 3-4.5 hours after the onset of stroke (5) . Another observational study, based on the SITS-ISTR database, showed comparable efficacy and safety of IVT applied within 3-4.5 hours and 0-3 hours after the onset of stroke (6) . Consequently, European Stroke Organization recommended IVT as the first choice treatment for acute stroke patients up to 4.5 hours after the onset of stroke, although treatment between 3 and 4.5 h is not currently included in the European labeling (7) .
According to national guidelines, IVT is recommended for the treatment of acute ischemic stroke within 3 hours after the onset in Lithuania. However, only a negligible part of acute stroke patients, mainly living in large cities, undergoes IVT. The substantial reason of IVT under-use in Lithuania is delayed admission of patients at appropriate hospitals. Extended time frame of IVT might alleviate the implementation of IVT for a greater number of acute stroke patients in our country. Nevertheless, the question about overall benefit of delayed IVT in less-experienced sites remains controversial.
The aim of our study was to estimate the efficacy and safety of IVT for the acute stroke patients within 3-4.5 hours after the onset in comparison with IVT within 0-3 hours after the onset of stroke in Lithuanian hospitals.
MATERIALS AND METHODS
This pair-matched case control study included patients with acute ischemic stroke, who were admitted to Vilnius University Emergency Hospital and Vilnius University Hospital Santariskiu Clinics during January 2002 -1 June 2010 and treated with IVT. Thrombolysed patients were divided into 2 groups according to onset-to-needle time (ONT): 0-180 min. -group I, and 181-270 min. -group II. Patients from group I and group II were pairmatched 1 : 1 according to age (±5 years) and stroke severity evaluated by National Institute of Health Stroke Scale (NIHSS) score (±1 point). After that, other baseline characteristics and outcomes of treatment were assessed and compared between the groups.
All patients received a full dose of rt-PA (Actilyse®) according to manufacturer's recommendations. The neurological status was estimated on admission, 2 hours and 24 hours after IVT, and on day 7. Brain CT was performed on admission and in 24 ± 6 hours after IVT. In case of deterioration of neurological status, brain CT was performed immediately. 3 months (± 1 week) after the stroke functional status of all patients was assessed during the visit in out-patient clinic or by phone contact using the modified Rankin Scale (mRS).
The primary end-point was good functional status (assessed as mRS score 0-1) after 3 months. Secondary end-points were: 1) significant early neurological improvement, and 2) independence in daily activity. Significant early neurological improvement was considered as a decrease of the neurological deficit ≥4 points by NIHSS in 24 hours and 7 days after IVT compared with the baseline neurological deficit. Independence in daily activity was considered as mRS score 0-2.
Mortality and rates of life-threatening bleeding and symptomatic intracranial hemorrhage (sICH) were used for analysis of the safety profile. The mortality rate was estimated in both groups on day 7 and after 3 months. In our study we used the SITS-MOST definition of sICH (local or remote parenchymal hemorrhage type 2 on 22-36 h posttreatment neuroimaging scan, combined with a neurologic deterioration of ≥4 points compared to baseline NIHSS or the lowest NIHSS value between baseline and 24 h after IVT).
Statistical analysis was performed using the SPSS (v. 16.0 for Windows) data analysis package. Parametric variables were reported as mean values and standard deviations, and nonparametric variables -as absolute values and percentages. Age, risk factors, neurological deficit on admission, rates of significant early neurological improvement, good functional outcome and independ-ence in daily activity, as well as sICH, mortality and functional independence at 3 months were compared between the groups. The student's unpaired two-tailed t test was used to compare the means of normal distributed variables. The χ 2 test and Fisher's exact test were performed to test the null hypothesis that the distribution of a discontinuous variable is the same in two groups. A p-value <0.05 was considered to prove a statistically significant difference.
RESULTS
IVT was applied for 121 patients within 0-180 min. (group I), and 30 patients -within 181-270 min. (group II). Each patient from group II was paired with one patient from group I. 2 patients from group II were excluded from analysis due to missing baseline data (1 patient) or inability to match any patient from group I (1 case). Therefore, 56 patients (28 pairs) were included in final analysis. The mean ONT was 141 ± 25 min. in group I, and 208 ± 20 min. in group II (p < 0.0001). The main baseline characteristics are shown in Table. There was no difference between the groups according to baseline variables.
9 patients (32.1%) from group I and 11 patients (39.3%) from group II had good functional status (p = 0.58) after 3 months. The mRS score after 3 months was similar in both groups (Figure) . After 24 hours, the significant early neurological improvement was documented for 13 patients in 
DISCUSSION
The results of IVT for acute stroke patients within 3-4.5 hours in Lithuania are analyzed for the first time. The IVT was started in Lithuania in 2002, but it was a relatively rare procedure in daily clinical practice up to 2006 (less than 10 cases per year). During recent few years the rate of IVT for the treatment of stroke in Lithuania increased, however, its accessibility still remains inadequate and available only in few main hospitals. Only once IVT was performed in 9 Lithuanian hospitals, and only in 5 hospitals IVT is a regular procedure (2 hospitals are in one city) (8) . Our attempts to switch IVT from an exceptional therapeutical event to a standard care of acute ischemic stroke in our country (including educational activities for ambulance paramedics and doctors of emergency departments since 2007) are significantly limited by a narrow therapeutic window (0-3 h) for IVT, as in other countries. Therefore it is scarcely surprising that the positive results of ECASS3 and SITS-ISTR studies were met with enthusiasm giving more possibilities and encouragement to broader implementation of IVT in the clinical practice even in smaller countries and regional hospitals. On the other hand, there are reasonable doubts and uncertainty about safety and efficacy (even not considering the legal issues of labeling) of IVT within the extended time-window (3-4.5 h) outside of clinical trials, and especially in the setting of less experienced sites. Therefore our idea was to test if the results of large clinical trials performed in top-level highly educated institutions of Western count ries could be translated and directly implemented into the clinical practice in such smaller countries as Lithuania. In our study the excellent outcome (mRS score 0-1 after 3 months) was similar in both groups. In the observational SITS-ISTR study 41% of patients had an excellent outcome (6) . It differs from our results, possibly because of the fact that our patients had higher neurological deficit on the baseline. It is known that a severe initial neurological deficit is one of the risk factors of poor outcome (9, 10) . The mean severity of the neurological deficit on the baseline was 14 points by NIHSS. In SITS-ISTR study the mean neurological deficit was 12 points by NIHSS, and in ECASS3 study it was 10.6 (in target group) and 12.7 (in placebo group). 52.4% of patients in the target group had an excellent outcome in ECASS3 study; however, it is notable that 45.2% of patients had the same outcome in the placebo group.
We have got higher sICH rate in patients who received IVT within the first 3 hours, compared to the safety results of other studies. In the NINDS study occurrence of sICH in the target group was 7.2%, however, a different definition of sICH was used. In SITS-ISTR study the rate of sICH was 1.6% and 2.2% in 0-3 h and 3-4.5 h cohorts, respectively. In our opinion, higher rate of sICH in our study could be explained by a small group. This explanation is based on full analysis of all IVT, which have been performed in Vilnius. During 2002-2010 years, 121 patients received IVT within 3 hours, and just 4.1% of them had sICH. On the other hand, no sICH was diagnosed in patients within 3-4.5 h. We think that an additional analysis of patients is needed to clarify the cause of a high sICH rate.
The mortality in both groups was similar and lower than in other studies. It is an encouraging result; however, a small sample size should be kept in mind again. Mortality within 3 months after IVT among all patients was 15.2% in this our study. (12) . These data are comparable with our data. Lack of experience also might have a negative influence on the mortality rate. It goes in line with observations in other countries from SITS registry that more frequent use of IVT in clinical practice decreases mortality rate (13) .
CONCLUSIONS
In summary, we believe that the results of our study confirm IVT as a safe and effective treatment for acute ischemic stroke patients not only within first 3 hours, but also within 3-4.5 h after the onset of stroke in the routine clinical setting. Extended time window will increase availability of IVT for treatment of acute stroke, especially in countries with limited facilities for IVT and non-optimized stroke center network. Nevertheless, every effort should be made to evaluate and treat patients as early as possible after the onset of stroke symptoms. The further studies are needed to assess the reasons of higher rates of sICH in our patients.
